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Synthesis, Characterization, and Redox Behavior of Mixed 1,3-Diyne
Dicobalt/Triosmium and Dicobalt/Triruthenium Carbonyl Clusters
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The reaction between [G@—72-HC=CGC,SiMe3)(u-dmpm)(CO)] (1) and [Os(CO)o(MeCN),] gives
rise to the formation of three new products: §QsH){ uz-1*:n?%u-172-CoCoSiMes[Cox(u-dmpm)(CO)]} -
(COX] (3), [Osg(u-H){ u-n*u-n*-CoC,SiMes[Cop(u-dmpm)(CO)} (CO)] (4), and [Os{usn*:n%u-n>
HC,C,SiMes[Co(u-dmpm)(CO)]} (u-CO)(CO}Y] (5). These complexes adopt three different coordination
modes: us-1? perpendiculary-n* edge-bridged, ands-»? parallel mode, respectively. When the reaction
is carried out with [Re(CO),], only one product is obtained, [Ru-H){ us-1%:n%u-n>-C,C.SiMes[Coy-
(u-dmpm)(CO)]} (CO)] (6), in which the triruthenium cluster is coordinated in a perpendicular mode.
However, the reaction of [GQu-7?-HC,(C=C),C,SiMes)(u-dppm)(CQO)] (2), stericaly more congested,
with [Os3(CO)o(MesCN),] yields only one product, the edge-bridged-coordinated(os!){ u-n*;u-1>
C,C,SiMes[Coz(u-dppm)(CO)]} (COg] (7). [Os3(COno(MeCN),] reacts with HGECSiMe;, giving rise
to the known parallel and perpendicular complexes and the new edge-bridgéaFQ&u-7*-C,SiMe;-
(CO)yq). All products were characterized by analytical and spectroscopic datéH{JRC, and*P NMR,
and MS). Crystals 08, 6, and7 suitable for single-crystal X-ray diffraction were grown, and the molecular
structures of these compounds are discussed. A comparative electrochemical study of all these complexes
is presented by means of the cyclic and square-wave voltammetry techniques.

Introduction

The chemistry of alkynes coordinated to transition metals has
been extensively studied and is well establishdthe current
interest in these kinds of complexes is partially due to the
stabilizing influence of the metal on reactive unsaturated carbon
chains and polycarbon ligankikand the potential properties of
such compounds as nonlinear optical matetiadmd as
“molecular” wires*5 As these properties are due mainly to their
linear structure, high stability, and-electronic conjugation,
alkynyl or polyynediyl bridging ligands have been shown to be
especially efficient in allowing the passage of electronic effects
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between redox active centé¥ and therefore their electronic
properties can be modified by changing metal fragments and/
or alkyne ligand<. Transition metal clusters should function
well as electron reservoirs, capable of both accepting and
releasing electronsand as such these species may find some
use in the construction of nanoscale electronic cirdlithe
electronic communication through such potential molecular
wires is often evaluated by examinating the redox response of
electroactive group¥.
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In addition, the redox properties of mixed transition metal

Moreno et al.

The 1,3-diynes RECC=CR (R = Me, Et, Ph, SiMg etc.)

main group cluster cores have also attracted a great deal ofreact at room temperature with [€€0)(MeCN),] to give

attention in their own right, as these compounds play a crucial
role in biological electron transport cycl&sTherefore com-
pounds in which multinuclear cluster cores are linked by
polyynyl ligands would appear to have great potential for use
in construction of large electroactive molecular assemblies.

The wide variety of metal coordination modes to alkyne

ligands is well established and constitutes a fundamental part

of every textbook on organometallic chemistfyThe coordina-

tion mode of an alkyne to metal clusters has been shown to be

dependent on both the metal and the substituents on the dfkyne.

Thus, the reactions of terminal alkynes, #CR, with
trinuclear metal clusters such as f30);0(MeCN),] give the
triply bridging alkyne compounds [G&:s-r72-alkyne)(CO)],
which often lead to hydrogen transfer to the metal, givingf®s
(us-n?-alkyne)(COy], where the unsaturation resulting from the
loss of CO is compensated by oxidative addition withtC
bond cleavagé! With RC=CR type alkynes either a perpen-
dicularus-n? (00) mode or, more commonly, a paraltel-,2 (1)
mode of coordination is observed. Thus, the perpendicular
coordination mode is found in 46-electron clusters, while the
parallel one is observed to be present in 48-electron clustess.
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the clusters [Ogfus-72-R.Cs)(u-CO)(CO) ] in which only one
of the alkyne groups is coordinated. In all cases clusters
decarbonylate thermally to [@@&s-17%-alkyne)(COy], but the
nature of these species depends on R. When there are-hio C
a-bonds in the diyne, the major product is [Qs7?-C=CR),-
(CO)y), resulting from the cleavage of the central carbearbon
bond of the diyne, but €H cleavage is favored ifi-bonds are
present?®

Like many other groups we were attracted by the architectural
versatility of trimetallic clusters, which should allow many
different modes of chaincarbon attachment, by the possibility
to change the coordination mode of the alkyne by electrochemi-
cal techniques, and by the possibility to obtain modified
electrodes. Thus, in this paper, we report the synthesis,
characterization, and the redox properties of several complexes
containing 1,3-diyne, “Cgj, and “Ruw” or “Os3” units.

Results and Discussion

Synthesis ofo- and z-Acetylenic Complexes.The bis-
acetonitrile complexes [MCO)o(MeCN),] (M = Os, Ru) have
been established as convenient precursors in the preparation of
carbonyl alkyne clusters.In order to form mixed “CeOss”
and “CoRus” complexes, we have used the uncoordinatéi=
CH portion of compoundsl and 2. Thus reaction of
[Cop(u-17*-HC=CC,SiMes)(u-dmpm)(CO)] (1) with [Osz(COe-
(MeCNY)], in CH,ClI,, at room temperature for 26 h, affords
three new compounds8{5) (Scheme 1) after separation and
purification by TLC plates using hexane/@El; (3:1) as eluent.
The main, dark red-brown, air-stable proddctwith an edge-
bridging coordination, was obtained in 52% yield (mediRh
and was characterized as QsH){ u-1%;u-17%-C,C,SiMes[Co,-
(u-dmpm)(CO)]} (CO)ql, by spectroscopic methods (see Ex-
perimental Section). The second produgtwas obtained as a
brownish-yellow solid in 33% yield (loir) and was character-
ized by spectroscopic methods as §2&-n:n%u-n?>-HC,Co-
SiMe;[Coy(u-dmpm)(CO)]} (u-CO)(COY]. Complex3, [Oss(u-

H){ usn*:n%u-n*-CoCoSiMes[Cox(u-dmpm)(CO)]} (COX], was
obtained in 15% vyield (highR) and was characterized by
spectroscopic and crystallographic methods. At room temper-
ature5 is slowly transformed into the acetylide compoudd
Therefore3 can be prepared by heating a hexane solution of
the parallel derivativé.

The stabilization of ruthenium systems containing terminal
alkynes coordinated in a perpendicular mode seems to be
preferred over that of corresponding osmium systems. This
coordination mode is stabilized by back-donation from the metal
atoms to the alkyn&c15¢.dTherefore, reaction of with [Rus-
(CO)1o(MeCN);] or [Ruz(CO)g in CH.CI/MeCN at room
temperature for 48 h affords only one product, the stable brown-
yellow solid6, in a 80% yield after purification by TLC using
hexane/CHCI, (1:1) as eluent. The product was characterized
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Scheme 1
RoP~] CHz
PR2
(COXC
(CO), —=— H
Me;Si R=Me (1)
R=Ph (2)
CHxCly | Ru3(CO)j2 0 Os3(CO)10(MeCN),
25-50°C | 1:1-1:1.5
Rvm CH:
PR2
(CONC 0s(CO)3 3 4
B —  N— — H
(CO) 2 C3 — g\/)/ Os(CO)4
MesSi 1 Os(CO)s /0s(CO)s
0s(CO)3

R=Me;M=0s(3) R=Me(4)
R=Me;M=Ru(6) R=Ph (7)
CsorCa
C; or Cb

by spectroscopic and crystallographic methods as(fRH)-
{ uzntn?u-n?-CoCoSiMes[Coy(u-dmpm)(CO)]} (CO)) (see Ex-
perimental Section).

In order to study the influence of the steric factors on the
variety and coordination mode of the alkyne to the Caster,
we changed the dmpm ligand into a bulkier one, the dppm
ligand. Thus the reaction & (sterically more congested) with
the “Osg” cluster, under the same conditions, affords only one
final product,7, with theu-»* edge-bridging coordination mode

R=Me(5)

NMR, MS, and X-ray crystallography), details of which are
given in the Experimental Section. The IR spectr@-e¥ exhibit

six strong absorptions in the terminal carbonyl stretching region
at 2100-1960 cntl, and the spectral patterns are similar to
those observed for previously reported dicobalt-triosmium and
dicobalt-triruthenium-alkyne complexé®-d.16a-c.18|n gaddition
complexes4 and 7 present a weal(C=C) absorption at ca.
2143 cnl. As expected, very little difference is observed in
the frequency values for the terminal CO stretching bands from

(Scheme 1). This dark red, air-stable product was obtained inone coordination mode to the other. The IR spectrunB of

91% vyield and was characterized as f@sH){ u-1%;u-172-C,Cyo-
SiMe;[Coy(u-dppm)(CO)]} (CO)g] by spectroscopic and crys-
tallographic methods (see Experimental Section).

Although reactions of terminal alkynes and triangular metal

exhibits six strong absorptions in the carbonyl stretching region
at 2100-1960 cntl, and data for compounds already described
(9 and 10) agree with those reportéd.

However, large differences are observed in the NMR results.

clusters very often lead to hydrogen transfer to the metal core Thus,*H chemical shifts for different coordination modes appear

with formation of acetylide group$¢16¢in our case complex

1, containing a small phosphine ligand, reacts with the triosmium
cluster, affording complexe3—5, with different coordination
modes. Thus, while3 presents the known perpendicular

at very different fields. ThéH NMR spectra of compound3

4, 6, 7, and 8 show the presence of a hydride group: for
acetylide perpendicular complex@snd6 at ca.—22 ppm and
for edge-bridged!, 7, and8 at ca.—16 ppm. These values are

coordination mode, where the unsaturation resulting from the in the same range as those observed in ofier? per-

loss of CO is compensated by oxidative addition with
bond cleavage, complek like 7, presents a novel coordination
mode only found in “Re(CGPs” mixed specied® where only
the terminal carbon ig-coordinated to two Os metals in an
edge-bridged mode.

Cluster [Og(CO)o(CH3CN),] reacts at room temperature with
trimethylsilylacetylene to afford the new edge-bridged complex
[Oss(u-H){ u—1-C,SiMe3(CO)q] (8) in 12% yield, minor
amounts of [Og{u-H){uz-1n%7%-C,SiMe3(CO)] (9), and the
known orange derivative [QEuz-nt:n2-HC,SiMes(u-CO)-
(CO)q], which undergoes decarbonylation and hydrogen migra-
tion at high temperature to give the clusgemhese complexes

pendiculat®©20 and u-n' edge-bridge compounds. Com-
pounds3, 4, 7, and 8 show the presence of satellites due to
1870s—'H coupling with J values of 16.1 Hz forus-n?
perpendicular mode3f and ca. 17.5 Hz for-5* edge-bridged
mode @, 7, 8). These values are in the same range as those
observed in othen,-hydride groupg®2!

An alkyne derivative proton NMR spectrum shows that the
chemical shift for the CH group moves significantly downfield
(8.78 ppm) in the coordinated parallel comptei comparison
with the shift observed in the parent complex3.45 ppm).

In addition, in the'H NMR spectra, the chemical shifts for
the SiMe protons are found to be very sensitive to cobalt

were characterized by spectroscopic methods (see Experimental

Section).
Spectroscopic Characterization ofo- and z-Acetylenic
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Table 1. Ad+ and Ad— Values for Complexes 3-8

compound Ao+ AO—
3(0) 203.3 67.3
6 (0) 257.9 69.7
5(l) 271.7 68.9
4 225.8 74.0
7 224.0 73.4
8 234.0 54.6

complexation on the adjacent alkyne bond. As expected, the

NMR spectra show significant downfield shifts for Sipim
the Ca-functionalized complexe3—7 by ca. 0.13 and 0.20 ppm

with respect to the free ligand, in accordance with the reduction

in the G=C triple-bond characteé® For all dmpm and dppm
complexes the diastereotopic protons of theéH,— group are

coupled with the two chemically unequivalent P atoms; thus

they appear as a double triplet wiltvalues of ca. 13.6 and ca.
3.3 Hz (see Experimental Section).
The3!P spectra, at room temperature, of all compoue

always show a broad singlet that is shifted to higher frequencies
(ca. 10 and 35 ppm for the dmpm and dppm complex,
respectively) with respect to the free ligands because of the

coordination.
The 3C NMR chemical shifts of the different types of

Moreno et al.

Figure 1. ORTEP diagram 08. H atoms have been removed for
clarity.

Ao+ values reflect that the total charge alteration in the triple

carbonyl groups in all the complexes were assigned by Pond is higher in comple$ with a s> parallel mode.

comparison with those of the parent compourid2( or 8—10)
and appear as two groups of signals at arod®9—-206 ppm
for cobalt-carbonyls and 198-190 and 172160 ppm for

Shifts for both G and G appear in the range reported by
Carty et ak316cThe chemical shifts for Cmove to lower fields,
as in all uz-? species? in the sequence acetylides edge-

ruthenium- and osmium-carbonyls, respectively, suggesting thatbridge < parallel. The chemical shifts for @emain relatively

they are rapidly interchanging on the NMR scaf€ chemical

unchanged it and7, where G is uncoordinated to the metal,

shifts for similar compounds appear at higher fields in osmium while in 3 and5 a small shift is observed compared with the

complexes than in the ruthenium one. ™€ NMR resonances

parent compound. These tendencies show how the electron

of the coordinated acetylene units were easily identified, and densities of the two acetylene carbon atoms are altered separately

the chemical shifts of the carbon centers of the@Galuster
cores give rise to triplet resonances, wip values of ca.11
Hz, in the range of analogous complexés4—100 ppm).6c.18.20

due to complexation to the transition metals. This contrasting
trend means that in these complexes thea@d G quaternary
carbon atoms must have a significantly different degree and

The unambiguous assignment (see Experimental Section) of allmode of interaction with the Os atoms. Deshielding gfdan
carbon atoms has been carried out by using heteronuclear two{robably be attributed to the development of a positive charge

dimensional correlation spectroscopy (HMBC and HMQC).

13C NMR data for acetylid& and®6, for parallel5, and for
edge-bridged! and7 are included in the Experimental Section.
The assignments for both,@Gnd G are based on data in the
literature and appear in the range reported by Carty €tEhe
spectra show that the chemical shifts forae found downfield
from those of G.

The chemical shifts of gand G should be affected directly
by the electron-donating ability of alkyne or acetylide substit-

density on this atom due to coordination to electrophilic M(£O)
fragments. A metal effect on the,Ghifts is observed with a
higher upfield shift in Os than in Ru.

The different types of carbonyl groups in complex&ss,
and 6 were assigned by comparison with those reported for
similar complexeg3 At room temperature only b, d, and e Co
can be observed.

The NMR spectroscopic dati, 31P, and'3C) for complexes
3—7 are consistent with the overall geometry established in the

uents and the presence of substituents on the cluster framegg)ig state for complexes, 6, and7 (Figures 1-3), with the

therefore, depending on the metal and the substituent, theirr spectroscopy studies, and with the proposed structures
chemical shifts change. It has been proposed that changes ingcheme 1).

the chemical shifts ) of the acetylide carbons may be

associated with a change in their charges, although the observe
chemical shifts are also dominated by paramagnetic terms of
the screening constants. Further, it was proposed that the SUMoss of t

0(Cy) + O(Cp) = (Ao+) reflects the total charge alteration in
the triple bond, while the differena®C,) — 0(Cs) = (Ad—)
can be used as a measure of the polarization of that Ho¥id.
TheseAd+ andAd— are summarized in Table Ad— values

All compounds gave satisfactory mass spectral data; thus the

%ositive FAB mass spectra show the respective molecular ions

or M* — CO, as well as peaks corresponding to the consecutive

he CO ligands.
X-ray Crystallography. The single-crystal X-ray structures
of complexes3, 6, and7 (Figures 1-3) confirm those presented
in Scheme 1. The selected geometric parameters for these

show only slight differences from each other. This suggests that comMplexes have been summarized in Table 2. CompoBnds

the polarization of the €C bond is similar in these compounds.

(22) Harris, R. K. Nuclear Magnetic Resonance Spectroscopy: A
Physiochemical ViewPitman: London, 1983.

(23) Carty, A. J.; Cherkas, A. A.; Randall, L. iPolyhedron1988 7,
1045.

(24) Gervasio, G.; Gobetto, R.; King, P. J.; Marabello, D.; Sappa, E.
Polyhedron1998 17, 2937.

and®6 crystallize in the triclinic crystal system, space grdrip

with two molecules in the asymmetric unit. The molecular
structures (Figures 1 and 2) confirm the,*:»? (0) coordina-
tion mode of the acetylide unit, C(£C(2), C(26)-C(27), to

the triangular Osand Ru cluster. Only the:-H atom bridging
Os(2)-0s(3) was located in the structural determination. The
metallic atoms define a nearly equilateral triangle. The Os and
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Figure 2. ORTEP diagram 06. H atoms have been removed for
clarity.

Figure 3. ORTEP diagram of. H atoms have been removed for
clarity.

Ru atoms are each linked to three terminal carbonyl ligands,
which are essentially linear.

In 3 and 6 the torsion angles C(3)C(2)—C(3)—C(4) and
C(26)-C(27)-C(28)-C(29) are—178.8(18j, —175.1(19j and
—178.6(5), —179.3(5}, respectively. The torsion angles Co-
(1)—Co(2)/0s(2)-0s(3) and Co(3)Co(4)/0s(4)-0s(6) in3
and Co(1)-Co(2)/Ru(2)-Ru(3), Co(3)-Co(4)/Ru(4)-Ru(5) in
6 are 176.30, 178.80 and 178.86, 176.23 respectively; that
is, the two metatmetal bonds in both complexes are essentially
parallelt3dIn these complexes the total deviation of thecBain
from linearity is 102, 96.5 (3) and 92.8, 94.7° (6).

The geometry of the GECO)dmpm fragment coordinated
to the C-C triple bond is normal. The CeC distances in the
Co,C; core of3 and6 range from 1.949(14) to 1.993(14) and

from 1.967(4) to 1.989(4) A, respectively, and these distances
show in both complexes an asymmetric pattern, as observed ing

[{ Cox(CO)(u-12-HC=C)} 2(CsH4)].2°> The CaC, tetrahedron is
distorted with the longer CeC interaction being associated with
the alkylenic carbon coordinated to the Si atom of the trimeth-

(25) Housecroft, C. E.; Johnson, B. F. G.; Khan, M. S.; Lewis, J.; Raithby,
P. R.; Robson, M. EJ. Chem. Soc., Dalton Tran§992 3171.
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ylsilyl group. Other structural details are similar to those for
analogous complexés.

In 6 we have found and modeled disorder in the carbon atoms
of the dppm ligand. The atoms involved in this disorder are
C(8), C(23), and C(24), and for all of them the occupancy factors
have been fixed to 0.5. In all the figures this disorder has been
omitted for clarity.

Compound?7 crystallizes in the monoclinic crystal system
space grouc2/c. The molecular structure is depicted in Figure
3. The Os(3YC(12) distance (3.031 A) is well beyond the
normal bonding range, and so, the Gon?-Me3;SiC,C=C)(u-
dppm)(CO) fragment coordinates to the ©duster in theu-,*
mode, and both the carbon atom and the hydride ligand bridge
the Os(1) and Os(3) atoms. The distances Os(311), 2.233
A, and Os(1}C(11), 2.120 A, together with the bond angles
C(12)-C(11)-0s(3), 120, and C(12)-C(11)-0Os(1), 160,
seem to indicate that the alkyne ligand, through C(11),
contributes more than one electron to the; Olsister'62 This
will be reinforced by the electrochemical study (next section).
The Os(1)-0Os(2) and Os(2)0s(3) bond distances are nor-
mal: 2.842(3) and 2.839(3) A, respectively. The Os(@)s(3)
bond is slightly shorter: 2.789(3) A. The Os(1) and Os(3) atoms
are each linked to three terminal carbonyl ligands, and the Os-
(2) atom is bonded to four carbonyl ligands with-880 lengths
in the range 1.897(A1.955(7) A. The OsC—0 angles are in
the range 175.4(A179.6(7). To our knowledge only the
analogous complexes of rheniumy§{CsMes)Re(NO)(PPh)-
(u-n*-CC)0s(CONeH] (n = 1, 2, 3) have been previously
reported'® and in this case, when = 1, the Re-C and Re-
C—C bond lengths indicate contributions of both ReC(Os}
and tTRe=C=C=(Os)~ resonance forms.

The dicobalt unit is coordinated to a+C triple bond in the
usual manner. The lengths of the €60 bond (2.485(12) A)
and the coordinated triple bond (1.365(8) A) are similar to the
values in complexe8 and 6 (Table 2) and are analogous to
those previously reported for bridging alkyne ligands in,-Co
(CO) and Co(CO)(dppm) complexe8e13d.2628 The Co-C
distances in the GE&, core range from 1.974(5) to 1.984(5) A,
and these distances do not show an asymmetry pattern.

Angles at the carbon atom chains [C(30(12)-C(13)
178.1(6}, C(12)-C(13)-C(14) 142.9(5), C(13)-C(14)-Si(1)
148.7(4)] indicate the expected bending occurring on coordina-
tion to the Cag core. The total deviation from the linearity is
70.2, smaller than i3 and 6, as expected from the different
coordination mode of the acetylide group to these trimetallic
clusters.

Electrochemistry. Compoundsl and 2 contain no Og or
Rus unit. Their electrochemical behavior was described else-
where and will be employed here in order to assign and discuss
the different electrochemical features found in the mixed-Co
Os or Co-Ru (3—7) compounds. Cyclic and square-wave
voltammetry (CV and SWV) measurements were carried out
for 1—7. E1p = (Epa + Epo)/2 values were determined by both
techniques in the case of reversible waves; for irreversible peaks,
E, data correspond to SWV.

The electrochemical oxidations of all the mixed compounds
Co—0s 3—5, 7) or Co—Ru (6) show a first monoelectronic

(26) Macazaga, M. J.; Marcos, M. L.; Moreno, C.; Benito-Lopez, F.;
omez-GonZaz, J.; Gonzkez-Velasco, J.; Medina, R. Ml. Organomet.
Chem 2006 691, 138.

(27) Kunz, H.; Haldmann, HComprehense Organometallic Chemistry

II; Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.; Elsevier: New York,
1995.

(28) Arnanz, A.; Marcos, M. L.; Moreno, C.; Farrar, D. H.; Lough, A.
J.; Yu, J. O.; Delgado, S.; Goflea-Velasco, JJ. Organomet. Chen2004
689, 3218.
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Table 2. Selected Bond Lengths [A], Angles [deg], and Torsion Angles [deg] for 3, 6, and 7

Compound3
C(1)-C(2) 1.364(19) C(2H0s(4) 2.309(13)
C(1)-0s(1) 1.960(14) C(2H0s(6) 2.326(14)
C(1)-0s(3) 2.242(13) C(28)C(29) 1.34(2)
C(1)-0s(2) 2.244(11) C(28)Co(4) 1.956(15)
C(2-C(3) 1.408(19) C(28)Co(3) 1.976(14)
C(2)-0s(3) 2.314(13) C(29)Co(3) 1.982(13)
C(2)-0s(2) 2.338(12) C(29)Co(4) 1.993(13)
C(3)-C(4) 1.36(2) Co(1)Co(2) 2.479(3)
C(3)-Co(1) 1.949(14) Co(3)Co(4) 2.485(3)
C(3)-Co(2) 1.957(15) Os(H0s(2) 2.8329(10)
C(4)—Co(1) 1.975(15) Os(HO0s(3) 2.8387(9)
C(4)-Co(2) 1.993(14) Os(2)H(100) 1.12(13)
C(26)-C(27) 1.35(2) 0s(2)0s(3) 2.8347(9)
C(26)-0s(5) 1.954(14) Os(3)H(100) 2.58(14)
C(26)-0s(4) 2.207(13) Os(4)0s(6) 2.8334(8)
C(26)-0s(6) 2.248(11) Os(4)0s(5) 2.8361(9)
C(27)-C(28) 1.40(2) Os(5)0s(6) 2.8335(8)
C(1)-C(2)-C(3) 139.9(12) C(26)C(27)-C(28) 142.5(13)
C(4)-C(3)-C(2) 143.3(14) C(29)C(28)-C(27) 146.0(14)
C(3)-C(4)-Si(1) 154.8(12) C(28)C(29)-Si(2) 155.0(12)
C(1)-C(2)-C(3)-C(4) —178.8(18) C(26) C(27)-C(28)—(29) —175.1(19)

Compounds
Ru(1)-C(1) 1.947(4) Co(1BC(3) 1.970(4)
Ru(1)-Ru(3) 2.7947(4) Co(HC(4) 1.987(4)
Ru(1)-Ru(2) 2.7997(4) Co(BHCo(2) 2.4799(9)
Ru(2-C(1) 2.195(4) Co(&C(3) 1.967(4)
Ru(2)-C(2) 2.303(4) Co(2)C(4) 1.989(4)
Ru(2-Ru(3) 2.7968(4) Co(3)C(28) 1.970(4)
Ru(3)-C(1) 2.202(4) Co(3)C(29) 1.980(4)
Ru(3)-C(2) 2.309(4) Co(3)Co(4) 2.4787(8)
Ru(4)-C(26) 2.198(4) Co(4)C(28) 1.976(4)
Ru(4)-C(27) 2.294(4) Co(4)C(29) 1.983(4)
Ru(4)-Ru(5) 2.7990(4) C(BC(2) 1.315(5)
Ru(4)-Ru(6) 2.8027(4) C(3)C(4) 1.357(5)
Ru(5)-C(26) 2.201(3) C(26yC(27) 1.305(5)
Ru(5)-C(27) 2.337(4) C(2AC(28) 1.428(5)
Ru(5)-Ru(6) 2.7948(4) Cc(28)C(29) 1.356(5)
Ru(6)-C(26) 1.946(4)
C(1)-C(2-C(3) 145.2(4) C(26)C(27)-C(28) 145.4(4)
C(4-C(3-C(2) 146.5(4) C(29)C(28)-C(27) 146.2(4)
C(3)-C(4)-Si(1) 155.5(3) C(28)C(29)-Si(2) 154.3(3)
C(1)-C(2)-C(3)-C(4) —178.6(5) C(26)-C(27)-C(28)—(29) —179.3(5)

Compound?
C(11)-C(12) 1.214(7) C(14)Co(2) 1.977(5)
C(11)-0s(1) 2.129(6) C(14)Co(1) 1.984(5)
C(11)-0s(3) 2.233(6) Co(HCo(2) 2.4852(12)
C(12)-C(13) 1.393(7) Os(BH0s(3) 2.7893(3)
C(13)-C(14) 1.365(8) Os(BH0s(2) 2.8420(3)
C(13)-Co(2) 1.974(5) 0s(2)0s(3) 2.8396(3)
C(13)-Co(2) 1.977(5) Os(3)H(1) 2.18(9)
C(14)-Si(1) 1.847(6) Os(BH(1) 1.630(9)
C(12)-C(11)-0s(1) 160.3(5) C(14)C(13y-C(12) 142.9(5)
C(12)-C(11)-0s(3) 120.2(5) C(14)C(13)-Co(2) 69.9(3)
C(11)}-C(12)-C(13) 178.1(6) C(13)C(14)-Si(1) 148.7(4)
C(11)-C(12)-C(13)—(14) —104(18)

chemically reversible wave in th€0.52 t0+0.82 V vs Fc*/ In dmpm-substituted compounds, the influence of the pres-

Fc* potential range (Fc*= decamethylferrocene; see Experi- ence of the Ogor Ru; cluster on thee;, value for the oxidation
mental Section) (Figures—6). The Ey;» value (Table 3) and of the CaC, center is strikingly small, except in the casesof
voltammetric characteristics allow us to unambigously assign in which Ey» = 0.52 V is significatively less positive than for
this peak to the removal of one electron from a molecular orbital the model compoundlL (E;» = 0.70 V) and the mixed

centered in the GE&, redox unit. The peak intensityg} of this compounds3, 4, and6. The coordination of the Q<luster in
wave linearly depends o2 (v = sweep rate; 0.05 to 20 V/s  5is in the parallel mode, ary, results indicate that this mode
range), as corresponds to a diffusion-controlled process. influences thesr-character of the bridging ligand, probably

The most positiveEy(ox) value (0.82 V) is found for the shortening the €C distance between the two central C atoms.

dppm-substituted’, as expected regarding the less donating Although the effect is clearly smaller, the opposite is observed
character of this phosphine ligand as compared to dmpm, presenfor 4, with an edge-bridged-coordinated {2tuster: E, for 4

in all remaining complexe8—6. The latter makes the GG, is more positive than for the model compouh@0.76 vs 0.70
core more electron-rich and, consequently, easier to oxidate.V).

The influence of phosphine basicity agrees with previously = When the anodic sweep is extended beyond the completely
studied compouncf¥:n26.28 reversible CeC, oxidation peak, all the mixe8—7 compounds
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) ) ) o Figure 5. Cyclic voltammograms for the reduction and oxidation
Figure 4. Cyclic voltammograms for the reduction and oxidation of 6 in CH,Cl, solution containing 0.2 M TBAPE (a) at 25°C
of 4in CH2C|2 solution containing 0.2 M TBAPd: (a) at 25°C andv = 0.1 V/s on Pt; (b) at 28C andv = 1 V/s on Pt; at—30
andv = 0.1 V/s on Pt; (b) at 28C andv = 2 V/s on Pt; at-30 °C and » = 0.1 V/s on C working electrode. Dashed lines

°C andv = 0.1 V/s on C working electrode. Dashed lines correspond to measurements with extended potential limits.
correspond to measurements with extended potential limits.

correspond to the reduction of the redox centepGaf the
species, resulting from the homogeneous reaction after the
cathodic process at1.53 V. The dppm-substituted redox center
is reduced at a slightly less negative potential (88 V) than

the dmpm-substituted«1.94 V), as expected due to the more
donating character of dmpm.

Perpendicularly Os and Ruy-coordinated3 and6 exhibit a
different reduction behavior. The cathodic scan shows a first
completely irreversible wave at1.36 and—1.20 V, respectively
(Figure 5). On sweep reversal, products originated by anion

exhibit completely irreversible oxidations in tHel.10 to+1.29
V potential range (Figures46). The complete absence of these
peaks in the models and?2 indicates that the new features are
due to Og/Rus-centered oxidations. Neither compound showed
any kind of chemical reversibility for this peak, even at high
sweep rates or low temperature30 °C), which indicates that
the resulting cations are involved in fast homogeneus chemical
reactions in solution.

The reduction behavior 08—7 strongly depends on the
coordination mode of the @®r Ru; cluster. The edge-bridged

: ; decomposition reoxidate at ca:0.64 V. Og complex 3 is
compoundst and7 show a first reduction wave at abottl.1 ) .
V, which is completely chemically reversible for> 1 V/s at further reduced at-1.68 V (irreversible). As found fod and

25 °C or at all sweep rates at30 °C (Figure 4). The peak 7, both_3 and6 sh?w a monoelectronic completely c_hemically
intensity of this reversible wave is almost equal to that of the reversible (at-30°C) wave at a very negative potentiail.o2
oxidation wave of the G&, core, which indicates it corresponds V for both) d_ue to the _Cgf:z remaining redpx center.

to a one-electron reduction. At the same time, the potential value The reducnonl behavior (ﬁ(parqllel-coqrdmated Qgluster)
(ca.—1.1 V) is much less negative than the reduction potential &S0 Shows a first completely irreversible wave-4.20 V

of the CaC, center inl and2 (—1.70 V). Therefore, the wave zollowed by a monoelgctromc chemically reversible (&30
at—1.10 V can be assigned to the addition of one electron in ~C) Wave at—1.97 V (Figure 6). The latter must be due to the
a molecular orbital centered in the neutrak©lsister to achieve remaining CeC, center, in accordance with the rest of the
a chemically stable species. This electrochemical result seem<cOmpounds.

to indicate that the alkyne ligand can be regarded as a two-

electron donor through C(11). Thus the neutra] €dsster seems Experimental Section

to have a 47-electron configuration.

The reversible reduction i@ and 7 is followed by an
irreversible peak at-1.53 V, which very probably corresponds
to a further reduction (and decomposition) of the; ©@snter.
When temperature is lowered t630 °C and the sweep is
extended up to quite negative values, a new chemically
reversible monoelectronic peak appears at aboit90 V. (29) Shriver, D. F.; Drezdzon, M. Athe Manipulation of Air-Sensite
According toEj» and voltammetric characteristics, this must Compounds2nd ed.; Wiley: New York, 1986.

General Procedures.All reactions and manipulations were
routinely carried out by using standard Schignkacuum-line and
syringe techniques under an atmosphere of oxygen-free Ap.or N
All solvents for synthetic use were reagent grade. Hexane was dried
and distilled over sodium in the presence of benzophenone under
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20F 7 " T " T " T e shifts were measured relative either to an internal reference of
a J tetramethylsilane or to residual protons of the solvents. Infrared

4 spectra were measured on a Perkin-Elmer 1650 infrared spectrom-
eter. Elemental analyses were performed by the Microanalytical

Laboratory of the University Auttoma of Madrid on a Perkin-

| | Elmer 240 B microanalyzer. Electronic spectra were recorded on a
10k i Unicam UV 4 UV-visible spectrophotometer. Mass spectra were

] measured on a VG-Autospec mass spectrometer for FAB by the
' , | . ' , ' . Mass Laboratory of the University Automa of Madrid. Electro-

60 L b a i chemical measurements were carried out with a computer-driven
L Vo] Par model 273 electrochemistry system in a three-electrode cell
30 N under N atmosphere in anhydrous deoxygenated solvents{CH

S Cl, and THF) containing 0.2 M tetrabutylammonium hexafluoro-

. phosphate (TBAP§ as supporting electrolyte. Cyclic and square-

1 wave voltammetry (CV and SWV, respectively) studies were carried
out. Polycrystalline Pt (0.05 cthor glassy carbon were used as
working electrodes; the counter electrode was a Pt gauze and the
s i . ' . i . ] reference electrode was a silver wire quasi-reference electrode.
Decamethylferrocene (Fc*) was used as internal standard, and all
potentials in this work are referred to the F¢&c* couple. Under

Current (uA)
(=}
T

[

S
—

1

Uy 7 the actual experimental conditiorts,, of the ferrocene couple (Ft
L ] Fc) was+0.44 V vs Fc*/Fc* in THF solution and+-0.55 V vs
sl i Fc**/Fc* in CH,CI, solution.

Reaction of [Coy(u-172-HC=CC,SiMez)(u-dmpm)(CO),] (1)
with [Os3(CO);9(MeCN);]. A mixture of 1 (0.21 g, 0.44 mmol)

A . L . I . L - and [Og(CO)o(MeCNY),] (0.40 g, 0.44 mmol) in CkCl, (50 mL)
2 -1 0 1 was stirred at room temperature for 26 h. The reaction was
Potential (V vs Fc*'/Fc) monitored by FTIR'H NMR and TLC. The reaction was stopped
Figure 6. Cyclic voltammograms for the reduction and oxidation When all the starting material had been consumed. After removal
of 5in CH,Cl, solution containing 0.2 M TBAPE (a) at 25°C of solvent under vacuum, the residue was eluted with@#on a

andv = 0.1 V/s on Pt; (b) at 23C andv = 1 V/s on Pt; at-30 silica column and then purified by thin-layer chromatography (TLC)
°C and v = 0.1 V/s on C working electrode. Dashed lines Using hexane/CkCl; (3:1). Three bands were eluted to afford {Os

correspond to measurements with extended potential limits. (u-H)Y{ uz-1n*n%u-n?-CoC,SiMeg[Coy(u-dmpm) (CO)[} (CO)] (3)
) (15% vyield), [Os(u-H){u-n*;u—n-C,C,SiMes[Coy(u-dmpm)-
Table 3. Electrochemical Dat& for 1—7 (COWJ}(CONd (4) (52% vield), and [O] uz-nn2u—n?HC,Cor
E12(red) E1/2(0X) SiMe;[Coy(u-dmpm)(CO)]} (1-CO)(COY)) (5) (33% yield) as stable
1 —170 1070 yellow-brown solids3 has also been obtained as the only product
2 (-1.70  (+0.79 in high yield (97%) from thermal decomposition 5f
3 -13¢ -168& -192  +0.68 +1.29 Compound 3: red-brown solid. IR (CHCl,, cml): vco 2096.1
g j-;g) -15% j-g‘?‘ ig;g E;ﬁ (m), 2072.1 (vs), 2047.8 (vs), 2020.2 (vs), 1987.8 (m), 1961.8 (m).
> 1o Tler  t0er 411 1H NMR (300 MHz, CDCh, ppm): 6 2.99 (dt,Jus = 10.4 Hz,Jpy
7 —1.07 —153 —1.88 +0.82 +1.10 +1.40 =13.6 Hz, 1H, P‘CHZ—P), 2.33 (dt,JHH =105 HZ,JPH =13.6

aln V vs Fc*t/Fc* in CH.Cl, solution (values in italics are in THF Hz, 1H, P-CH,—P); 1.60 (t.Jpy = 3.3 Hz, 6H,~PMe), 1.56 (1,
212 — — . iC—=) —

solution). Data are taken from CV and SWV at 25 an80 °C. P E, in Jor = 3'63le’ 6H, —PMe); 0.41 (s, 9H, M§IC ); —22.02 (s,

SWV of irreversible peak. 1H, u-H). 3P NMR (121 MHz, CDC}, ppm): 6 10.1 (s br, 2P).

13C NMR (125 MHz, CQCl,, ppm): 6 206.8 (m, Ce-CO), 203.9

an Ar atmosphere. Also under Ar, GEl, was dried and distilled (m, Co-CO); 172.2 (s, 0sCO), 170.4 (s, 0sCO); 164.9 (s, Os
over CaH, Na, and MgSQ respectively. All solvents were bubbled ~ €0); 135.2 (s, @), 92.4 (t, G), 84.6 (t, G); 68.0 (s, G); 43.9 (1,
with Ar for 1 h after distillation and then stored under Ar or Jcp = 22.0 Hz, P-CH,—P); 21.0 (tJcp = 13.4 Hz, Me), 18.2 (t,
degassed by means of at least three fregzenp-thaw cycles after ~ Jcp = 15.7 Hz, Me); 2.3 (s, MgSiC—). MS (FAB', m/2: 1311.9
distillation and before use. Column chromatography was performed (M¥); 1283.9 (M" — CO); 1255.9 (M — 2CO); 1227.9 (M —
by using silica gel 100 (Fluka) and preparative TLC on2@0 3CO); 1199.9 (M — 4CO); 1171.9 (M — 5CO); 1143.9 (M —
cm glass plates coated with silica gel (SDS-@J um, 0.25 mm 6CO); 1115.9 (M — 7CO); 1087.9 (M — 8CO); 1059.9 (M —
thick). Co(CO), HC=CSiMes, 1,4-bis(trimethylsilyl)butadiyne ~ 9CO); 1031.9 (M — 10CO). Anal. Calc for GH240:3C0,0%P,-
(MesSiC=CC=CSiMey), triruthenium dodecacarbonyl, triosmium S C, 22.9; H, 1.8. Found: C, 22.7; H, 2.1.

dodecacarbonyl (Fluka), 1,2-bis(dimethylphosphino)methane (Strem), Compound 4: dark red-brown solid. IR (CkCl,, cnmr?): vco
1,2-bis(diphenylphosphino)methane, and tetrabutylamonium fluoride 2101.8 (m), 2062.0 (vs), 2054.5 (s), 2017.5 (vs), 2004.5 (vs), 1976.8
(BugNF) (Aldrich) were used as received. Trimethylamih@xide (s).'H NMR (300 MHz, CDC}, ppm): 6 2.61 (dt,Jus = 10.8 Hz,
(MesNO) (Fluka) was sublimed prior to use and stored under Ar. Jpy = 13.5 Hz, 1H, P-CH,—P), 2.27 (dt,Jyu = 10.4 Hz,Jpy =
The compounds [Ggu-n2-HC=CC,SiMe;)(u-dmpm)(CO)]¢ 13.6 Hz, 1H, P-CH,—P); 1.62 (t,Jpi = 3.3 Hz, 6H,—PMe), 1.55
(1), [Cox(u-n2-HC=CC,SiMes)(u-dppm)(CO)]®" (2), [O5(CONo- (t, Jpy = 3.7 Hz, 6H,—PMe); 0.36 (s, 9H, MgSiC—); —15.83 (s,
(MeCNY)y], and [Ry(CO)1o(MeCN),]” were prepared accordingto  1H, u-H). 3P NMR (121 MHz, CDCJ, ppm): 6 10.7 (s br, 2P).
literature procedures and characterized by their IR and NMR *C NMR (125 MHz, CQCl,, ppm): 6 205.4 (m, Ce-CO), 201.8
spectra. ThéH, 13C, 3P, and proton-decoupleédP NMR spectra (m, Co—CO); 182.8 (dJcy = 17.3 Hz Os-CO), 180.4 (s, Os
and HMQC (heteronuclear multiple quantum correlation) and CO), 177.2 (s, OsCO), 172.9 (dJcy = 9.0 Hz Os-CO), 171.7
HMBC (heteronuclear multiple bond correlation) experiments were (s, Os-CO); 149.9 (s, @), 93 (1, G), 75.9 (s, @), 74.0 (t, G);
recorded on Bruker AMX-300 and -500 instruments. Chemical 42.4 (t,Jcp = 21.4 Hz, P-CH,—P); 20.7 (t,Jcp = 13.0 Hz, Me),
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18.8 (t,Jcp = 16.7 Hz, Me); 1.35 (s, MSIC—). MS (FAB*, m/2):

1339.7 (M"); 1311.7 (M" — CO); 1283.7 (M — 2CO); 1255.7
(M* — 3CO0); 1227.7 (M — 4C0O); 1199.7 (M — 5CO); 1171.7
(Mt — 6CO); 1143.7 (M — 7CO); 1115.7 (M — 8CO) 1087.7
(M* — 9CO). Anal. Calc for GgH»40:4C0,0%P,Si: C, 23.3; H,
1.8. Found: C, 23.1; H, 2.1.

Compound 5:yellow solid. IR (CHCl,, cm™): vc02096.3 (m),
2061.0 (vs), 2050.9 (vs), 2021.6 (s), 1994.4 (s), 1950.4 thh).
NMR (300 MHz, CDC}, ppm): 6 8.78 (s, 1H, &C—H); 2.19
(m, 2H, P-CH,—P); 1.54 (t,Jpy = 2.7 Hz, 6H,—PMe), 1.45 (t,
Jpn = 3.5 Hz, 6H,—PMe); 0.30 (s, 9H, MgSiC—). 31P NMR (121
MHz, CDCls, ppm): 6 12.8 (s br, 2P)13C NMR (125 MHz, CDQ-
Cly, ppm): 6 182.3 (m, Os-C0O), 178.1 (m, OsCO); 170.3 (s,
Cy), 101.4 (s, @), 96.2 (t, G), 86.6 (t, G); 43.1 (t,Jcp = 20.2 Hz,
P—CH,—P); 20.9 (t,Jcp = 12.4 Hz, Me), 19.7 (tJcp = 17.3 Hz,
Me); 2.1 (s, MgSiC—). MS (FAB", m/2: 1339.1 (M"); 1311.1
(M*T — CO); 1283.1 (M — 2C0O); 1255.1 (M — 3CO); 1227.1
(M* — 4CO0); 1199.1 (M — 5C0O); 1171.1 (M — 6CO); 1143.1
(M* — 7CO); 1115.1 (M — 8CO); 1087.1 (M — 9CO). Anal.
Calc for GgH»4014C0,05P,Si: C, 23.3; H, 1.8. Found: C, 23.0;
H, 2.0.

Reaction of [Co(u-n>-HC=CC,SiMez)(u-dmpm)(CO)4] with
[Ru3(CO)19(MeCN);] or [Ru3(CO);5. Complex1 (0.15 g, 0.31
mmol) and [Ry(CO)o(MeCN),] or [Rus(CO); (0.19 g, 0.31
mmol) were dissolved in C¥Cl,/MeCN (50 mL). The brownish-
yellow solution was stirred at room temperature, and the reaction
was monitored by FTIRIH NMR, and TLC. After 48 h the solvent
was removed under vacuum, and the product was purified by thin-
layer chromatography (TLC) using hexane/&CH}) (1:1) or by a
hexane-packed silica column (200 g) using the same eluent to affor
the stable brown-yellow solié (80% yields).

Compound 6: brown-yellow solid. IR (CHCl,, cm™b): veo
2092.6 (m), 2068.0 (vs), 2048.5 (vs), 2017.6 (vs), 1986.4 (s), 1959.
(m). 'H NMR (300 MHz, CDC}, ppm): ¢ 3.05 (dt,Jyy = 11.0
Hz, Jpy = 13.6 Hz, 1H, P‘CHz_P), 2.36 (dt,JHH =10.6 Hz,Jpn
= 13.6 Hz, 1H, P-CH,—P); 1.62 (t,Jpy = 3.3 Hz, 6H,—PMe),
1.57 (t,dpy = 3.7 Hz, 6H,—PMe); 0.39 (s, 9H, MSiC—); —19.79
(s, 1H, u-H). 3P NMR (121 MHz, CDC}, ppm): 6 9.19 (s br,
2P).13C NMR (125 MHz, CQCl,, ppm): 6 206.8 (m, Ce-CO),
204.0 (m, Co-CO); 197.9 (s, RaCO), 189.6 (s, RuCO); 163.8
(s, G), 94.1 (s, G), 92.0 (t, G), 84.9 (t, GQ); 44.1 (t,dcp = 20.5
Hz, P-CH,—P), 21.5 (t,Jcp = 13.5 Hz, Me), 18.4 (tJcp = 15.7
Hz, Me); 1.35 (s, MgSiC—). MS (FAB*, m/2: 1043.8 (M");
1015.8 (M- — CO); 987.8 (M — 2CO0); 959.8 (M — 3C0O); 931.8
(M* — 4CO0); 903.8 (M — 5CO); 875.8 (M — 6CO); 847.8 (M
— 7C0); 819.8 (M — 8CO); 791.8 (M — 9CO); 763.8 (M —
10C0O); 735.8 (M — 11CO). Anal. Calc for gH24013CoRUP>-

Si: C, 28.8; H, 2.3. Found: C, 28.5; H, 2.5.

Reaction of [Co(u-n2-HC=CC,SiMe3)(u-dppm)(CO)4] (2)
with [Os3(CO)10(MeCN),]. The same procedure as described above
was followed in the preparation of [g{g-H){ u-1*;u-n?-C,C,SiMex
[Coy(u-dppm)(CO)]} (COq], 7, from 2 (0.20 g, 0.27 mmol) and
[Os3(CO)o(MeCN),] (0.27 g, 0.30 mmol). After 24 h the solvent
was removed under vacuum, and the product was purified by thin-
layer chromatography (TLC) using hexaneACH (3:1). Two bands
were eluted. The faster-moving yellow band contained minor
amounts of [OgCO)(MeCNY),]; the slower-moving dark red band
gave7 (0.35 g, 91% yields).

Compound 7.IR (CH.Clp, cmr™Y): vc02101.9 (M), 2063.4 (vs),
2055.1 (sh), 2032.3 (m), 2019.1 (vs) 2010.3 (vs) 1983.1$).
NMR (300 MHz, CDC}§, ppm): 6 7.41 (m, 8H,0-Ph); 7.33 (m,
12H, m-, p-Ph); 3.52 (m, 2H, PCH,—P); 0.38 (s, 9H;~SiMey);
—15.73 (s, 1Hu-H). 31 NMR (121 MHz, CDC}, ppm): 6 31.71
(s br, 2P).13C NMR (125 MHz, CDC}4, ppm): 6 204.7 (m, Ce-
CO); 201.2 (m, Ce-CO); 182.1 (s, OsCO0), 181.3 (s, OsCO),
179.6 (s, OsCO), 176.6 (s, OsCO), 171.7 (s, OsCO), 171.3
(s, Os-CO); 148.7 (s, @); 136.8 (t,Jcp= 22.9 Hz,i-Ph); 134.4 (t,
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Jep=17.4 HZ,i-Ph); 132.0 (t,J(;p: 5.9 HZ,O-Ph); 131.06 (t.]cp
= 6.4 Hz,0-Ph); 129.9 (sp-Ph); 128.8 (tJcp = 5.0 Hz, m-Ph);
128.1 (t,Jcp = 5.0 Hz, mPh); 96.1 (t, G); 75.3 (s, G); 70.6 (s,
Cy); 1.04 (s,—SiMes). MS (MALDI, m/z): 1587.8 [Mf]; 1559.3
[M+—1CO]J; 1531.8 [M — 2 COJ; 1503.6 [M — 3 CO]J; 1475.4
[M+—4CO]J; 1447.3 [M — 5 CQJ; 1419.8 [M — 6 CO]J; 1391.8
[M+—7CO]J; 1363.8 [M — 8 CQOJ; 1335.8 [M — 9 COJ; 1307.8
[M+ — 10 COJ; 1279.8 [M — 11 CO]J; 1251.7 [M — 12 CQ].
Anal. Calc for GgH3,014C0,05P,Si: C, 34.8; H, 1.9. Found: C,
34.5; H, 2.2.

Reaction of HC=CSiMe; with [Os3(CO);o(MeCN),]. The same
procedure as described above was followed in this reaction from
HC=CSiMe; (0.025 g, 0.27 mmol) and [@EO)(MeCN),] (0.25
g, 0.27 mmol). After 24 h the solvent was removed under vacuum,
and the product was purified by thin-layer chromatography (TLC)
using hexane/CkCl, (3:1). Three bands were eluted. The two
faster-moving yellow bands contained the new edge-bridged
complex [Os(u-H){ u-1*-C,SiMe3(CO)q] (8) and a minor amounts
of [Oss(u-H){ uz-1nt:n?-C,SiMez(CO)] (9); the slower-moving yel-
low band gave [Ogf us-nt:7>-HC,SiMe;(u-CO)(CO)] (10) (0.18
0, 71% yields). This method essentially corresponds to published
preparative procedurés.

Compound 8.IR (CH,Cl,, cm™): vc52110.0 (m), 2060.5 (vs),
2050.0 (s), 2019.5 (vs), 2006.5 (vs), 1978.8 {d)NMR (300 MHz,
CDCl3, ppm): 6 0.39 (s, 9H, MgSiC—); —16.9 (s, 1Hu-H). 13C
NMR (125 MHz, CDC4, ppm): 6 182.0 (s, CO); 174.2 (s, CO);
172.4 (s, CO); 169.5 (s, CO); 144.3 (5,)€89.7 (s, G); 0. 0.5 (s,
—SiMej).

X-ray Crystallography. Red crystals of3, 6, and 7 were

gobtained by recrystallization of the complexes from,Ch/hexane

mixtures. A summary of selected crystallographic data for these
complexes is given in Table 4. Different single crystals with

3 prismatic shape and approximate dimensions of & @704 x 0.02

mm (3), 0.09x 0.06 x 0.04 mm(6), and 0.10x 0.03 x 0.02 mm

(7) were mounted on glass fibers and transferred to a Bruker
SMART 6K CCD area-detector three-circle diffractometer with a
MAC Science Co., Ltd. rotating anode (CuoKradiation,A =
1.54178 A) generator equipped with Goebel mirrors at settings of
50 kV and 110 mAt X-ray data were collected at 273, 100, and
297 K for 3, 6, and7, respectively, with a combination of six runs
at differentgp and 2 angles, 3600 frames. The data were collected
using 0.3 wide w scans (15 s/frame a¥2= 40° and 30 s/frame

at 29 = 100°), with a crystal-to-detector distance of 4.0 cm.

The raw intensity data frames were integrated with the SAINT
program32 which also applied corrections for Lorentz and polariza-
tion effects.

The substantial redundancy in data allows empirical absorption
corrections (SADABSF to be applied using multiple measurements
of symmetry-equivalent reflections. A total of 22 713),(28 206
(6), and 31217 ) reflections were collected and 11 949),(

11 4726), and 9388 ) independent reflections remained after
mergingR(int) = 0.0524,R(c) = 0.1250 B), R(int) = 0.0297 R(0)
= 0.0740 6), andR(int) = 0.0326,R(c) = 0.0798 7).

The software package SHELXTL version>6 104 was used
for space group determination, structure solution, and refinement.
The structure was solved by direct methods (SHELXS®97),
completed with difference Fourier syntheses, and refined with full-

(30) Johnson, B. F. G.; Lewis, J.; Monari, M.; Braga, D.; Grepioni, F.
J. Organomet. Chen1989 377, C1.

(31) SMARTV. 5.625, Area-Detector Software Package; Bruker AXS:
Madison, WI, 19972001.

(32) SAINT+ NT ver. 6.04, SAX Area-Detector Integration Program;
Bruker AXS: Madison, WI, 19972001.

(33) Sheldrick, G. MSADABSversion 2.03, a Program for Empirical
Absorption Correction; UniversitaGéttingen, 19972001.

(34) Bruker AXS SHELXTL version 6.10, Structure Determination
Package; Bruker AXS: Madison, WI, 2000.

(35) Sheldrick, G. MSHELXS-97Program for Structure SolutioActa
Crystallogr. Sect. A199Q 46, 467.
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Table 4. Crystal Data and Structure Refinement for 3, 6, and 7
3 6 7
empirical formula GoH48C0402605P4Siz Cs0H48C04026P4RUs Sl Ca6 H32C0p Os5P,Si
fw 2621.86 2086.98 1587.21
temperature 273(2) K 100(2) K 297(2) K
wavelength 1.54178 A 1.54178 A 1.54178 A
cryst syst triclinic triclinic monoclinic
space group P1 P1 C2lc
unit cell dimens a=12.3334(4) A a=12.34170(10) A a=31.7835(7) A
b=17.6257(5) A b=17.6232(2) A b=11.8192(3) A
c=18.0899(5) A c=18.1300(2) A c=27.0178(6) A
o= 70.163(2) a = 70.2550(10) a=90°
B =79.042(2) B = 78.9300(109 B = 95.4220(10)
y = 78.187(2) y = 78.0460(10) y =90°
volume 3589.58(18) A 3598.92(6) B 10104.0(4) R
z 2 2 8
density (calcd) 2.425 Mg/ 1.914 Mg/n? 2.087 Mg/n¥
absorp coeff 28.276 mm 18.699 mmt 20.265 mntt
F(000) 2414 2006 5968
cryst size 0.0% 0.04 x 0.02 mn? 0.09x 0.06 x 0.04 mn? 0.10x 0.03 x 0.02 mn?
6 range for data collection 2.62t0 7057 2.61t0 66.23 2.791t0 70.57
index ranges —14< h< 14, —12<h <14, —35=< h < 38,
—21=<k=20, —20=< k=18, —14=< k=13,
—20=1=20 -20=1=21 —31l=<1=32
no. of reflns collected 22715 22 806 31217
no. of indep refins 11 94%K(int) = 0.0618] 11 472R(int) = 0.0316] 9388 R(int) = 0.0496]
completeness t6 = 62.63 86.9% 90.9% 96.9%
absorp corr semiempirical from equivalents semiempirical from equivalents empirical
max. and min. transmn 0.544 and 0.341
refinement method full-matrix least-squaresFn
no. of data/restraints/params 11 949/0/835 11 472/668/850 9388/0/620
goodness-of-fit o2 0.966 1.024 1.017

final Rindices | > 20(1)]
Rindices (all data)
largest diff peak and hole

R1=0.0524, wR2=0.1250
R% 0.0829, wR2=0.1412
3.670 ard..919 e A3

R1= 0.0297, wR2= 0.0740
R1= 0.0327, wR2= 0.0757
1.267 and-1.184 e A3

R1= 0.0326, wR2= 0.0798
R1= 0.0428, wR2= 0.0855
1.214 and-1.057 e A3

matrix least-squares using SHELXLTinimizingw(F,? — Fc?).2
WeightedR factors Ry) and all goodness of fi§ are based of?;
conventionaR factors R) are based oR. All non-hydrogen atoms
were refined with anisotropic displacement parameters. All hydro-  Acknowledgment. We express our great appreciation to the
gen atoms were fixed at geometric positions. All scattering factors Direccion General de InvestigaaioCientfica y Tecnolgica
and anomalous dispersions factors are contained in the SHELXTL (Grant No. CTQ2006-10940/BQU), Spain.
6.10 program library.
Final positional parameters, anisotropic thermal parameters, and = Supporting Information Available: CIF files giving further
structure amplitudes are available as Supporting Information.  details of the crystal structure determination (compouds and
CCDC-620822, -620823, and -620825 contain the supplementary7), including bond lengths, bond angles, and anisotropic and
crystallographic data for this paper. These data can be obtainedisotropic displacement parameters. This material is available free
of charge via the Internet at http://pubs.acs.org.

OM700525Z

free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

(36) Sheldrick, G. M.SHELXL-97 Program for Crystal Structure
Refinement; UniversitaGottingen, 1997.



